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Abstract 
In this paper a research project for a mechanical test procedure will be presented to detect drag reducing effects of swimsuits. 
With a newly developed mechanical test design nine swimsuits by six different manufactures were investigated. The mechanical 
test stand was assembled in a swimming channel and consists of a frame work, a model of an athlete and the force measurement 
device. Drag force was measured parallel to the stream and recorded at six velocity levels. The collected data and statistics 
showed the validity of the presented test design. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
The impact of swimsuits on the swimming performance has been discussed by athletes as well as by experts 
controversially before. Nevertheless, 133 new world records were registered in 2009. In most cases the athlete was 
wearing a swimsuit in order to improve performance by means of the resistance reducing effects of the suit. 
Resistances [in swimming direction] in swimming consist of three main types [1], i.e. shape resistance, resistance 
caused by friction between medium and surface, and wave resistance. Shape resistance is dependent on streaming 
speed, the viscosity of the flowing medium, the area facing the stream as well as the drag coefficient of the 
streaming body. The resistance caused by friction between medium and a body surface occurs if, e.g. water flows 
over the surface of the suit and is decelerated by adhesive and cohesive effects. Wave resistance occurs due to the 
swimmer’s velocity in transition zone from water to air. This effect can be recognised as waves induced by the 
swimmer. 
Swimwear can be divided into two categories, i.e. wetsuits and swimsuits (also known as speed suits). Wetsuits 
are also known as neoprene suits and are technical swimwear used for outdoor or open water swimming. Their 
original intent of use was thermodynamic isolation for swimming in open water, for example in triathlons. An 
additional effect of wetsuits is buoyancy. However, the buoyancy of swimsuits was limited to 1 N for the whole suit 
by the rules of the FINA [2]. All swimsuits tested in this study complied with this rule. 
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Only three studies are known using biomechanical test designs to evaluate swimsuits [3, 4, 5]. The studies were 
conducted as performance tests in which the suits were worn by a low number of subjects (five male and four female 
in [3], eight male in [4], and one female in [5]). Other studies investigating performance improvements in swimming 
conducted tests with wetsuits only [6, 7, 8, 9]. Consequently, the influence of swimsuits on the swimming 
performance has been the subject matter of many discussions but was rarely investigated systematically. Bendler et 
al. [5] could not find significant differences between different suits and traditional swimwear. A former study on 
wetsuits also noted that the effects of suits are greater for leaner and technically less improved swimmers than for 
technically good swimmers with higher body fat mass, which was said to be a result of the buoyancy of the suit [6]. 
Benjanuvatra [3] aimed to separate buoyancy effects and resistance effects in his investigations by comparing two 
swimsuits in a biomechanical test design and detected differences in resistance. 
However, it can be stated that there are no studies on swimsuits with comparable results. Furthermore, there are 
no known studies based on a mechanical test design that investigated the influence of swimsuits on drag resistance. 
Therefore, the purpose of the presented study was to establish a mechanical test to examine the drag reducing effects 
of swimsuits. 
2. Methods 
Nine different swimsuits made by six manufacturers were examined, four short-legged and five long-legged. All 
samples were compliant to the FINA´s 2009 Dubai Charter [2]. The test samples were specified to fit a male 
swimmer of 1.80 m height. All swimsuits were chosen and delivered by the manufacturers according to the 
requirements stated above. 
The test device consisted of a frame work placed in a swimming channel. In this frame work a model of a male 
squad athlete of 1.80 m height was installed. Arms, feet and head of the athlete were not included in the manikin, 
assuming that their influence on streaming conditions is constant. As part of the test device, the manikin was fixed 
with strain resistant ropes (kite lines; ø=1.5 mm) parallel to the stream of the channel on the frame work (Figure 1). 
The position and length of the ropes was constant for each trial. Suits were applied to the manikin. The design of the 
test device excluded variations of body shape and swimming position as well as the wave resistance since the same 
streaming body was used in exactly the same position (0.4 m below water line, horizontally centred in the swimming 
channel) for every test run. The differences of form drag caused by different thicknesses were kept constant due to 
the identical shape of the streaming body and the compliance of the suits to the FINA´s 2009 Dubai Charter [2]. 
Therefore, it can be assumed that differences in drag caused by surface friction were determined. Force was 
measured 0.4 m below the water line, parallel to the stream at seven speed levels ranging from 0.5 to 1.7 ms-1 with 
0.2 ms-1 increments using a load cell [Burster® model 8524 (Fmax=5 kN)]. 
Figure 1. Principle of test device 
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For this purpose, a strain resistant rope (kite line; ø=1.5 mm) was fixed to the top end of the streaming body and 
guided over a pulley out of the water to the load cell placed 1 m in front of the object orthogonally to the fluid flow. 
A preload of approximately 100 N was applied to the streaming body, respectively to the load cell. The load cell was 
reset subsequently. 
In order to stabilise the body and to achieve a steady stream in the swimming channel, measurements began 30 s 
after initiating each speed level and lasted 60 s. The velocity was increased non-intermittently through all levels. 
Data was collected at 5 Hz sampled with 32 bit and recorded directly to disc using a PL2 DAQ [IMC® devices, 
Berlin]. High and low frequent swinging was excluded by the test design. Therefore no filters had to be used. Higher 
frequencies were filtered by the mediums viscosity whereby low frequencies were filtered by the low 5 Hz sampling 
rate and the 30 s of stabilizing the process at the beginning of each speed level. 
In Equation 1 the resulting streaming resistance (Fres) is given. The resistance caused by wave drag (Fwave) can be 
neglected due to positioning the streaming body under the water line, no waves were induced. Equation 2 shows the 
known quadratic relation of resistance force and applied speed for the resistance caused by shape (Fshape). The area 
(A) normal to the applied force (Fnormal), as well as the coefficient of shape (cw) and the water density (ρ) were given 
constant by the test design. To validate the test design, the results should correspond with the quadratic increase of 
measured force (Fshape) over applied streaming velocity (v). Differences between objects should be created only by 
their variations of resistance caused by friction (Ffriction) respectively by the coefficient of friction (μ, equation 3). 
  
(1) 
(2) 
(3) 
As an indicator for the drag reducing effects, the average force of each speed level was calculated for the 60 s of 
measurement. The data was reviewed for normal distribution and standard deviation was calculated. 
In order to evaluate the drag reducing capabilities of the swimsuits at a certain speed or speed level, a ranking list 
was created for the average force at each speed level, for all speed levels, and for all suits. 
3. Results 
Figure 2 shows the calculated average forces for each suit at each speed level. The quadratic relation between 
force and speed is displayed for all of the nine suits (R²>0.98). Detailed information about the calculated forces at 
0.5 ms-1, 1.1 ms-1, 1.7 ms-1 are shown exemplarily in Figure 3, 4 and 5. These speed levels correspond with the 
lowest, the middle and the highest streaming velocities applied to the body. 
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Figure 2. Quadratic relation force-speed 
As expected, the range of the resulting force is lowest (1.75 N) for 0.5 ms-1 and increases from 2.8 N at 1.1 ms-1
to 9.9 N at 1.7 ms-1. The differences between the suits were statistically significant (p>0.05). 
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Figure 3. Force at 0.5 ms-1
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Figure 4. Force at 1.1 ms-1
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Figure 5. Force at 1.7 ms-1
A ranking was established based on the measured values for force at each speed level and for each suit (Figure 6). 
The suit with the lowest force at a certain speed represents the 1st rank while the one with the highest measured force 
represents the 9th rank. The overall category represents the accumulated values at all speed levels for the specific 
suit. 
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Figure 6. Ranking 
4. Discussion 
It was shown that the test design complies with the known relations in physics. A quadratic relation between 
streaming velocity and resulting resistance force was found for each sample (R²>0.98). Therefore, the test is valid to 
examine the drag resistance reducing effects caused by surface variations. Influences like different buoyancy, form 
resistance, and wave resistance were excluded by keeping them constant.  
Furthermore, a ranking for the tested suits was established. The differences between the suits were significant 
(p>0.05). This is in advantage to test designs of former studies and shows the capability of mechanical testing. It can 
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be stated that the newly developed mechanical test improves the informative value for testing swimsuits compared 
to the known biomechanical test designs. 
A disadvantage of the developed test design is that the influence of the form fit of the suit to the athlete can not 
be monitored. Form fit is expected to be an important parameter in the choice of the proper swimsuit for the athlete. 
Furthermore, it is supposed that form fit has a crucial influence on the swimmer’s performance. Due to the constant 
form of the manikin, differences in form fit were neglected but may have a direct influence on the results. 
Another point is the fact that the test does not answer the question if any of the swimsuits improves performance 
compared to non-suit swimming. Therefore, reliable biomechanical tests should be developed to investigate this 
question in addition to the presented mechanical test. 
To avoid the noticed effects at high speed levels (>1.9 ms-1) like fluttering of the suit and/or water intake into the 
suit, future research should be focused on the form fit. 
Despite the fact that the FINA rules for 2010 do not allow the use of long-legged swimsuits, the test design can 
still be used to obtain valuable information regarding the drag reducing effects of swimwear compliant to the FINA 
regulations, e.g. suits for women or shorts for men. The test’s suitability to provide precise information for these 
textiles must be investigated in future studies. 
The test design can be modified easily for future investigations. Velocities below 1.1 ms-1 can be ignored because 
of their low relevance in swimming. Furthermore, it is also imaginable to extend the tests into other fields like 
cycling, skiing, ice speed skating, triathlon or rowing. 
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